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SUMMARY

An exhaust-port design was dsveloped

CIIJXDER

that provides a heat-fluw
path of increased area fr~m the valve stem to the outside surface of
a Wright C9GC cylinder. The effects of the new port design on
exhaust-valve temperature and volumetric efficiency were determined
from single-cylinder engine tests. A reduction of 70° F in the
exhaust-valve temperature was obtained with no decrease in volumetric
efficiency or power output.

I!IT70GJCTION

The tests herein described are part of an investigation being
conducted by the NACA laborator; in Cleveland, Ohio to determine and
elimimte thq causes of exhaust-valve failur=w in aircraft engines.
Previous tests by the :lACA(reference 1) jndic~ted that a larger
exhaust-valve-guideboss would provide d heat-flow path of greater
area from the valve stem to the outside surface of the cylinder and
would aid in preventing valve failures caused by overheating. Tt
was realized, however, that an jncrease in the size of the boss would
reduce the cross-sectional area of the port and retard gas flow
through the port. Taylor, however, show~d in reference 2 that the size
nf th~ exha~t port
serious decrease in
?leron(refermce ~)
can oe made smaller
en~ine power.

The first part
exhaust-port design

ckuld-be made much smaller than usual without a
the flow coefficient. Taylor also found, as did
and Doman (refersnce 4), that the exhaust valves
than the intake valves without causing a loss in

of this report discu:.sesthe demlopment of an
that has sati~factory gas-flow characteristics
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and a heat-flow psth of materially increased area fkom the valve stem
to the outside surface of the cylinder. The design was incorporated
in en aircraft cylinder and was based on the results of a series of
atead~flow tests conducted to det~rmlne the maximum size boss that
could be contained in the exhaust port without a detrimental effect
on engirm air capacity. The second part of this report describes
single-cylinder mgine tests conducted by the NAOA cf an aircraft
cylinder incorporating the altered port; the tests were run to deter-
mine the effect of the port on power output and exhaust-valve tempcr-
“t- ure.

Alttiou@ a reluction in the opcratil~ temperature of the exhaust
valve was tho primary object of this investigation, it w~s firgt nec-
cesary to fl~trmminethe effect of the port shape on gas flow through
thn port and th~”vohxm?tric ufficiancy of the cy15nder. The contours
and cross-sectional arctasof a“etandard Wright C9GG port and of three
,?~:+jr~~ntalports Weru compared and their flow characteristics~~er

steady-flow conditions mm? determined. The effect of a reduction in
flow m?a on volumetric efficiency was determined from single-cylinder
mgine tests of a standard WQht C9GC cylinder equipped with an
:~dmust valvs providi~ 85 percent of tha flow area of the stock
Wllvb●

Apparatus

A diagrammatic layout of the apparatus used in the steady-flow
tests of thu (.xpzrimcntalports is shown in figure 1. The cylinder
was mounted upon the tank outlet by means of an adapter plate. Valve
lift was vari.~dby a micrometer screw mechanism. The air flowing
through t.hcsystem was mi)asurcdby & thin-plate orifice installed in
accordance with A.S.WE. standards. The air pressure in th~ tank was
r=gulated by a hand-operated valve locat~d ahead of the orifice. Air
Przsm,nws wern mcesurad with mercury manometers and temperatures were
dut=mtied with iron-conatantan thurmocouplos.

The unginu t,<.st.sI.odet?rmine thu volumtitriccffici.mcics of the
stad@xl c~~lindcrand of tha cylinder with th~+.xdmust valve providing
GE perc::mt”ofthr.]-lowar:a of thu stock valvr.were run on an NLCA
u.~iv~rsaltest-c,ngin~?crankcase. The imbak? pip:,was 15 inches long
and th cxha71stpipu was 25 inchgs Ioqq. A schematic drawing Of the
standard tcct nctup usd is she-m in figure 2,
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Procedure
— ... . ..-

The effect of port shape on volumetric efficien~ was determined
by alteri~ the shape of the port with modeling clay and measuring
the air flow throu@ the port at-various valve lifts at constant tank
pressure. The tank pressure was measured by manometer C shown in
figure 1 and was considered to be the pressure causing flow through
the port. The valve lift was varied from 0.050 inch to 0.600 inch.

As each port was flow+ested, it,was necessary h determine the
relation between ths flow characteristicsand the shape of the port.
Accordingly, the cross-sectional areas of the ports were obtained by
making a flexible mold of’the port .interior. The mold was withdrawn
from the port, fjlled with plaster of Paris, and sawed into sections
on planns, the traces of which are shown by the lines A, B, C and 1
to 7 in fi~e 3. The outlines of these sections were then drawn on
paper and the areas were measured with a planimeter. Flow mess
measured from several molds taken from two standard cylinder heads
agrged within t2 percent, indicati~ that thc~mold method Is suffi-
ciently accurate. The numbered half-sections of the standard port
are shomn in figure h.

The cross-sectional areas of the ports plotted against distance
measured along the msan flow paths of figure 3 are shown in figure ~.
‘Theareas of sections A, B, C, and 1 are the same for the standard
port and ports 1 and 2. All of the sections except A, B, C, and 1
have equal areas for the port equipped with the 85-percent flmrea
valvo and the standard port. The locations of the numbered sections
Wc’r’:the S:-uneas those shown on Wright Aeronautical Corporation
drawin: 112096 except for the locations in port 1. The areas at the
lettereclsections betwen thu fully opined valve and the seat were
calculated as the latsral area of a frustum of a cone. Corrections
for the cross-sectional area of the valvI?stem were made for .wctiona 1
and 2.

The engine tests to compare the volumetric efficiencies of the
cylinder usinr the 8~-percent flo~ea exhaust valve and of the
Cylindsr titi~tho stock exhaust valve were run at a constant inlet-
air tempmatur~ of l~” F and a manifold pressure of ,!.LOinches of
mercury absolute; standard valvb tire* was used in both tests. The
exhaust back pressure was controlled to 2~.2 inches of mercury abso-
lute and the fm:l-a.irratio W=S 0.097,

Flow tests of the ports were made over a range of presaurc drops
across the valvs up to ].1~inchas of mrcury, but the test equipment
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limited the higher preseure+rop tests to the lower.valve Mi’ts. It
was found, homver, that the performance of the experimental ports
that had a greater or lesser afi flow than that of the standard port
at any lift was conslsteti over the range of pressure drops used.
For this reason, only the results of tests at a pressure drop of
10 inches of mercury are presented. Figure 6 oompares the volume of
ah flowing through the ports plotted with valve lift. The flow
reaches maxhum values for the three modified ports at the hiU@er
lifts and the flow for the standard port is still increasing but at
a slower rate. Flow tests made at pressure drops of S and 15 inches
of mercury showed the same trends:

l%e following table compares the flow through the modified ports
with the flow throu@ the statiard port at tw valve lifts.

Valvn lift
(in.)

Port 0.320 I 0.$62
Flow

(percent of standard)

Standard ‘~~u~htC9GC port 100 100
Port 1 80
Port 2 %!
Valve with 8S-percent flow 82 n
area in standard port

The results of the flos tssts of port 1.correspond exactly with
those of the standard port at the lower lifts, but a maximum flow is
reached by port 1.at a lower lift than the standard port. Port 1
contained an extremely heavy boss that reduced the flow area con-
sider~bly in sections 2 to 6. (See fig. 5.) l’haflow through port 2
was greater than that through the standard port at all but the highest
lifts. This port was designed tith a slightly smaller boss in an
effort to reduce the restriction to flow that port 1 possessed at
the hig@r valve lifts. The half-sections of this port are shown in
figure 7. The flow through the standard port equipped with the
85-percent flow-nrea valv~ was less Man the flow throup~ the other
ports.

The volum.stricefficiencies of the cylinder equipped with the
85-percent flow-area valve and of a standard cylinder are plotted jn
figure 8. No diff~rc:ncein th= volumetric cfficitincieswas found
Over a range of ~i@~J spe~ds from 1200 to 2.~J rpm (ratad take-off
speed) and one curve v-s fajred throup~ the two sets of test points,
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Any port -t has an air flow greater than that of the port with the
8!+percent fl~ea valye w@.@ thqrefore not be expected to cquse
a loss in volumtric efficiency. Port 2 would probably imprcve the
exhaust process because it restricted flow the least at all but very
high lifts and it is generally thought that -t of the exhaust gas
eecapes at the lomr lifts.

Figure S-showsthat sections 3 and 4 of port 1 are-smaller than
sections B and C of the standard port equipped with the 85-perceti
flo~ea valve. Even though a smaller section existed in port 1,
its reslriciiionto ah flow was not so”great as that of the port
equipped wtth the 85-percent flow-eras valve (fig. 6). This condition
might indicate that the flow area through the valve and seat is the
most critical section of an exhaust port and that the rest of the
port can be designed with less emphasis on gas flow and more consider-
ation given to coollng of the exhaust valve.

ENGINE TESTING OF FINAL P(RT DESIGN

Port 2 was chosen as the des-ignto be engine-tested because it
had satisfactory gas-flow characteristics and a heat-flow path of
greater area. Oross sections of the standsrd Whight C9G0 cylinder
are presented in figure 9 to compare the sizes of the exhaust-valve-
guide boss in the standard port and h port 2~ The heat-flow paths
at section A-A (fig. 9(a)) of port 2 and of the standard port are
compared h fQure 10.

Apparatus

The I?bightC9G0 cylinder was altered by building up the boss with
arc-welded aluminum in order to incorporate the design of port 2.
Molds of the port w~e taken during the alteration process to hsure
that the desfied design was being followed.

The temperature of the exhaust valve was measured with a steel-
conetant.anthermocouple installed in the valve itseld’,as shown in
figure 11. This thermomuple was calibrated in an electric furnace
by COWhrhg it mith a etandard thGrmCCOuple that was spot-welded to
the valve crown. Although an alundnum+alve-steel couple was produced
as a parallel cficuit to the Valvethermccouple circuit mhen the valve

“ was seated in the head, tests showed that the effect of @is additional
couple is negligible. The calibration of the valve thermo&mple -s
found to be unchanged after the valve had been used in the engine.

The cranhc~.s~and the test equipmnt thet were used in the
volumetric+ fficiency t,ostswere used in the engine tests to determine
the effect of port 2 on exhaust+alve temperature and puwer output.

—. —
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procedure

The following engine conditions were held constant during the
comparative tests2

Engine speed, rpm . . . . . . . . . . . . . . .. y.. . ..2200
Fuel-air ratio..=.. . . . . ..= 09...0 . . .. O.099
Combustion-ah temperature, ‘F . . . . . . . . . . . . . . . 150
coolin~ati pres~rej tihes of water . . . . . . . . . . . . . 16
Spark timing, degrees B.T.C. . . . . . . . . . . . . . . . . 22.5
Exhaust back pressures i~hes of mercury a~omte . . . . . . 28.6

The saw thermocouple-equippedvalve was used in both cylinders;
valve temperatures were reccnxiedas a function of indicated mean
effective pressure. The temperatures were recorded at each test con-
dition after readings had been stabilized for approximately 5 minutes.
The Micated mean effective pressures were obtained.by addtng the
brake mean effective pressures to the friction mean effective pres-
sures determined by motoring the engine.

Comparison of Engine-Test Results

The operating temperatures of the exhaust valve in the statiard
cylhder ad in the cylinder with port 2 are plotted in figure 12.
Exhaust-valve temperatures were reduced approximately 70° F in the
cyltnier with the enlarged boss. The rear spark-pluebushing temper-
ature was very nearly the same for both tests. A greater valve-
temperature reduction might be accomplished if more cooling-fin sur-
face were provided around the exhaust-valve-guideboss. Figure 9(b)
indicates the possible increase of fti area that might be incorporated
in the port 2 design,

The relation between fitake manifold pressure and indicated mean
effective pressure is plotted h figure D for both tests. Changing
the exhaustivalve-guideboss had no effect on the puwer output of the
cylinder.

SUMMARY OF RIXWLTS

Comparative teste of a standard cylinder and a zmdtiied cylimier
with an enlarged exhaust-valve-guideboss gave the folJ-owingresults:

1. Increasing:the size of the exhaust-valve-guideboss reduced
thb exhaust-valve temperature 70° F.
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2. As predicted by the steady-flow tests
the increassd size of the exhaust-valve-guide

7

of the altered port,
boss did not result

. ..- . “in-adecrease M power uutpdt of-the cylinder. -

Aircraft Engine Research Laboratory,
National Advisory Committee for Aeronautics,

Cleveland, Ohio.
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Figure 3.- Locations of exhaust-port sections in standard Wright C9QC
cylinder~with valve In full-open position.
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Wright C9GC cylinder. Pressure drop through ports, 10 inches of mercury absolute.
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Figure 7. - Half-sectionsof port 2.
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Figure 8. - Comparison of the volumetric efficiencies of a Wright C9GC cylinder with a
standard and an 85-percent flow-area exhaust valve. Intake manifold pressure, 40
inches of mercury absolute; combustion-air temperature, 150° F; exhaust pressure, 28.2
inches of mercury absolute; fuel-air ratio, 0.097.
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FI re 10.- Corn arative heat-flow paths of port 2 and standard port at section A-A
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Figure 12. - Comparison of exhaust-valve temperature in a Wright C9GC
cylinder and a C9GC cylinder with an enlarged exhaust-valve-guide boss.
Engine speed, 2200 rpm; cooling-air pressure drop) 16 inches of ‘ater;

spark ad’iance, 22~0 B.T.c.; fuel-air ratio, 0.099; combustion-air

temperature, 150° F; cooling–air inlet temperature, 72° F; exhaust back
pressure, 28.6 inches of mercury absolute.
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Figure 13.- Effect of intake-manifold pressure on indicated mean
effective pressure for a standard C9GC cylinder and a C9GC cylinder
with an enlarged exhaust-valve-guide boss. Engine speed, 2200 rpm;

spark advance, 22~ B.T.C.; fuel-alr ratio, 0.099; coollng-alr
pressure drop, 16 Inches of water; combustion-air temperature, 1 0° F. .
Coollng-alr inlet temperature, ?20 F; exhaust back pressure, 28.2
inches of mercury, absolute.
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